Phaeochromocytoma is uncommonly associated with myocardial infarction. We present a patient who, despite established alpha adrenoceptor blockade, sustained an acute myocardial infarction and was found to have coronary artery disease. Indications for coronary revascularization were not met, and adrenalectomy was successfully performed four weeks later. Factors contributing to the myocardial infarction, the role of beta adrenoceptor blockade, the timing of adrenalectomy and the place of coronary revascularization are discussed.
Myocardial infarction (MI) complicating phaeochromocytoma is a recognised but uncommon complication 1 . We present a patient who sustained an acute MI during pharmacological preparation for surgery. We discuss possible factors contributing to the MI, beta adrenoceptor blockade in phaeochromocytoma patients, timing of adrenalectomy and the place of coronary revascularization.
CASE HISTORY
A 29 year-old, 50 kg male presented with a short history of palpitations, headaches and angina. The urinary noradrenaline level was 131 µg/24 h (0 to 104 µg/24 h) and the urinary adrenaline level of 25 µg/24 h (0 to 16 µg/24 h). Computed axial tomography revealed bilateral adrenal masses. Extraadrenal tumour and multiple endocrine neoplasia types IIa and IIb were excluded.
There were no clinical features of cardiac failure. Echocardiography revealed left ventricular (LV) diastolic dysfunction, with normal systolic function and no contraction band myonecrosis. Electrocardiography (ECG) revealed extensive T wave inversion and voltage criteria for LV hypertrophy.
The patient was stabilized on prazosin 10 mg 12 hourly, captopril 6.25 mg 8 hourly and nifedipine 60 mg orally daily. Preoperative preparation was according to Roizen's criteria 2 .
Five days prior to planned surgery, the patient experienced angina associated with a tachycardia. Diastolic blood pressure remained stable at 80 to 100 mmHg. Acute transmural myocardial ischaemia was suggested by ST elevation in the infero-lateral ECG leads (II, III, AVF, V5 and V6). Treatment included intravenous heparin, nitrates, aspirin and atenolol. The diagnosis of an acute MI was supported by markedly elevated cardiac enzymes, with a peak creatine phosphokinase of 954 U/l (25 to 190 U/l), lactate dehydrogenase of 1183 U/l (266 to 500 U/l) and troponin T of 3.02 ng/ml (0 to 0.1 ng/ml). Coronary angiography showed two vessel coronary artery atherosclerotic disease not suitable for revascularization. A stress sestamibi (MIBI) scan confirmed a limited infero-lateral MI, with a mildly reversible perfusion defect in the apical region. Global LV contractility was moderate, with an ejection fraction of 49%. Risk factors for ischaemic heart disease included a two pack year smoking history, a maternal history of MI, hypertension and a plasma cholesterol level of 4.8 mmol/l (3.6 to 4.6 mmol/l).
Eight days later, our patient experienced another episode of angina associated with tachycardia, which resolved with an increase in atenolol to 50 mg orally daily. Cardiac enzymes were normal.
Subsequent 24 hour Holter monitoring revealed good myocardial ischaemic control and bilateral adrenalectomy was planned for four weeks later (MFM James, personal communication).
Our patient fulfilled Roizen's criteria preoperatively 2 , with the exception of ECG T wave inversion in the territory of the recent MI. Prazosin, captopril, nifedipine, atenolol and aspirin were continued until surgery, with benzodiazepine premedication.
Anaesthesia included a thoracic epidural placed before induction at the T10/11 intervertebral space, an isoflurane based anaesthetic and magnesium sulphate (MgSO 4 ) infusion as per James' protocol 3 .
Invasive arterial and central venous pressures were monitored. Haemodynamic control of hypertensive spikes was good, with three intraoperative systolic arterial pressure (SAP) spikes of more than 30 mmHg above the pre-induction SAP of 108 mmHg 3 .
After devascularization of the tumours, the patient developed hypotension and ST depression resistant to fluid loading. Phenylephrine and later adrenaline were required to restore perfusion pressure. The adrenaline was weaned within six hours of surgery. The perioperative haemodynamics are illustrated in Figure 1 .
The postoperative course was uncomplicated, with no evidence of a perioperative MI. Histology confirmed a benign phaeochromocytoma.
DISCUSSION
Patients with a phaeochromocytoma are at risk of MI secondary to associated accelerated coronary atherosclerotic disease 1 and catecholamine surges compromising myocardial oxygen supply and demand. Inadequate alpha adrenoceptor blockade and coronary vasospasm may decrease myocardial oxygen supply, while myocardial oxygen demand is increased with beta adrenoceptor stimulation. The use of prazosin, a competitive alpha adrenoceptor blocker, and the absence of beta adrenoceptor blockade may well have contributed to our patient's MI. A non-competitive alpha adrenoceptor antagonist (phenoxybenzamine) may have been more appropriate 4 . This is unfortunately unavailable to us. The need for vasopressors postoperatively may also suggest inadequate preoperative alpha adrenoceptor blockade.
Despite alpha adrenoceptor blockade, the presence of angina and associated tachycardia may be a marker of a compromised coronary circulation, declaring itself in the presence of unopposed beta stimulation 5 . Beta adrenoceptor blockade should be initiated in these patients. Other accepted indications for instituting beta adrenoceptor blockade are documented elevated adrenaline levels 6 , isolated diastolic dysfunction 7 , a continued sinus tachycardia following alpha adrenoceptor blockade, the presence of premature ventricular contractions 8 and following MI 9 . On presentation to our unit, beta adrenoceptor blockade would have been appropriate with documented elevated adrenaline levels and isolated diastolic dysfunction.
Concerns on initiation of beta adrenoceptor blockade include the aggravation of hypertension and negative inotropy. The former appears to be unfounded with the use of cardio-selective agents 4, 7 . However the possibility of precipitating acute cardiac 75 
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decompensation remains in a patient with possible myocardial dysfunction and a high ventricular afterload 6, 10 . The uncomplicated initiation of beta adrenoceptor blockade in our patient may be attributed to the effect of previous alpha adrenoceptor blockade (decreased ventricular afterload and partial reversal of myocardial dysfunction) 10 , a clinically asymptomatic patient despite impaired ventricular contractility and the graduated introduction of beta adrenoceptor blockade 11 . Beta adrenoceptor blockade has been introduced prior to alpha adrenoceptor antagonists without complication 4 .
The combined hypotensive effect of prazosin, nifedipine and captopril may result in an inadequate myocardial transmural perfusion pressure, although this was unlikely as the diastolic pressure was stable throughout the acute myocardial ischaemic episodes. Nifedipine, in particular, may well be ill advised 12 .
Prior to surgery, the major concern is further myocardial ischaemia secondary to episodic excessive catecholamine secretion. However adequate alpha and beta adrenoceptor blockade should prevent this 10, 13 . Indeed coronary vasospasm may be controlled within hours of the introduction of an alpha adrenoceptor antagonist, although dose optimization may take longer 13 . Hypertension, ischaemic ECG changes and premature ventricular contractions are used as markers of inadequate preoperative adrenoceptor blockade 2 . Angina and tachycardia were markers in our patient.
The ability to rapidly protect the myocardium against further catecholamine insult, suggests that surgery should proceed only after adequate preoperative preparation. The minimum duration of preoperative pharmacological preparation is controversial, with perioperative haemodynamic stability recorded as early as five days after the initiation of therapy 4 . However when MI complicates phaeochromocytoma no benefit is derived from proceeding with surgery before four weeks have elapsed post MI. This avoids surgery during the time period associated with the highest risk of perioperative reinfarction 14 . Adequate preoperative alpha adrenoceptor blockade allows some reversal of catecholamine mediated myocardial dysfunction 2 , important at a time when myocardial function has been further compromised by recent MI. Beta adrenoceptor blockade, indicated post MI 9 can also be established. Thus we deferred surgery for four weeks.
Had coronary revascularization been indicated, we would have considered coronary artery bypass grafting prior to adrenalectomy, as catecholamine levels at adrenalectomy were shown to be more than three times that attained during cardiopulmonary bypass 15 , an important consideration with a compromised myocardial oxygen supply-demand balance.
